Purpose. the aim of the study was to identify differences in fitness abilities and technical skills between young right-footed and left-footed soccer players. Methods. the measurements included data collected from 111 male footballers aged 12-17 years (divided into 3 age categories: U13, U15, U17). Fitness abilities (5-m, 10-m, 30-m sprint, envelope run, standing long jump) and technical skill (dribbling, juggling, short passes, long passes) were measured. Results. the results failed to show significant differences (p > 0.05) in speed, agility, or explosive strength of lower limbs between right-and left-footed soccer players in the U13, U15, and U17 categories. No significant differences between soccer players (right-footed, left-footed) were found in the dominant leg performance (p > 0.005), whereas for the non-dominant leg, left-footed U15 players had higher performance in juggling (p < 0.05) and long passes (p < 0.01). regardless of age category, left-footed players were characterized by a lower range of asymmetry in all technical skills. significant differences were observed only for dribbling skills in U13 (p < 0.05).
Introduction dominance of one limb over the other is observed in everyday life, both during the simplest activities and in sport. the majority of the population are people with right-sided dominance; 20% are left-sided [1] . it is interesting that the percentage of people with leftsided dominance increases significantly among athletes who reach the champion level [2] . this allows for the presumption that they have specific properties that increase their chances of being successful [3] [4] [5] .
two arguments for left-footed athletes over the right-footed ones have occurred in the literature [6] . the first is the negative frequency-dependent selection hypothesis [7] , which assumes that right-sided players are less experienced and less familiar with actions taken by the left-handed players. Furthermore, the strategic advantage of the left-handed players results from the fact that both right-and left-handed people, owing to the unused visual system (negative perceptual frequency effect hypothesis) are worse in the perception and prediction of the motor patterns employed by left-handed people [8, 9] . it should be emphasized that this effect can be compensated by training [10] . the second hypothesis underlines the beneficial innate aptitudes of left-handed athletes (innate superiority hypothesis). these are manifested by lower (compared with right-handed athletes) laterality of cerebral hemispheres in terms of motor control, which helps them develop the skills in both right and left hands [11] . Moreover, a higher number or density of axons in the corpus callosum have been demonstrated in left-handed athletes [12] , thus accelerating the exchange of sensory-motor information between the cerebral hemispheres [13] and, most likely, allowing for faster and more accurate movements [14] .
With an insignificant number of left-footed soccer players and their natural aptitudes in terms of movement control, such athletes are especially valuable in team sports. direct competition offers certain strategic advantage over right-footed players, whereas the specific nature of technical and tactical actions of the team makes them especially important at specific playing positions. it is indicated that in handball, each team should have at least 2 left-handed players (right midfielder, right defender), whereas the number of leftfooted players in football should reach even 40%. Left-footed players are especially desired at such positions as left centre back, left fullback, left midfielder, left or right winger [15] . Experts argue that an additional advantage of left-sided players lies in their symmetrical technical preparation that improves movement versatility and unpredictability during the game [16] . this is due to the training programs, mainly based on rightsided players, with those left-sided forced to use their right limbs more often than the right-sided players have to use their left limbs [2] .
A literature review reveals that most studies on laterality in team sports athletes have analysed the upper limb. Higher effectiveness was demonstrated in left-handed volleyball players [17] , handball players [18] , and basketball players [19] . relatively less data have been published on lateral differentiation of lower limb performance, with the studies that compared the level of preparation of right-footed and left-footed soccer players being very scarce [1, 20] . on the one hand, previous studies in soccer have provided information about the lack of differences in speed or strength [21, 22] , technical and tactical preparation (passes, ball receiving, dribbling) between right-and left-footed players [23] , except for penalty kicks, which were more efficient in left-handed players [24] . on the other hand, studies have shown that a greater number of left-footed players in a team was correlated with higher places during the most important world events (World Cup, European Championship) [2] . Furthermore, being leftfooted improves chances of the athlete for being qualified for youth national teams [25] .
With the gap in the global literature in the field of research on laterality of soccer players, the aim of the presented study was to determine differences in fitness parameters (speed, explosive strength of lower limbs, agility) and technical skills (dribbling, juggling, short passes, long passes) between right-footed and leftfooted players aged 12-17 years. in addition, the in-fluence of lateral dominance of a lower limb (rightfootedness, left-footedness) on the scope of functional asymmetry in young football players has been investigated.
Material and methods
Participants the measurements included data collected from 111 male footballers between the age of 12 and 17 years (divided into 3 age categories: U13, U15, U17) who were members of a Polish sports academy ('Progres' sports Academy in Cracow). the U13 and U15 footballers trained 3 times a week and those from the U17 category 4 times a week. All soccer players were voluntarily recruited. All tests were performed in gymnasia under standard conditions. Prior to testing, 20-minute warm-up sessions were conducted. the soccer players were informed of the aims of the tests.
Measures

Somatic measurements
the somatic parameters were determined for each player. body height was measured by the use of an anthropometer. body mass was established with tanita bC-601 electronic scales. Anthropometric parameters of the players are presented in table 1.
Determination of leg dominance
Leg dominance was assessed in a 2-step process. the first step involved the Hoffman method [26] with a kicking task [27] . Also, a coach assumed that the dominant lower limb was used more frequently when performing different technical elements associated with the game of soccer. only participants who demonstrated clear dominance of one leg (left or right) in these assessments entered the next step of investigation.
Evaluation of fitness abilities
three fitness components were evaluated: a) speed: 5-m sprint, 10-m sprint, and 30-m sprint. Each study participant was asked to run the distance of 30 m as fast as possible. With the use of the Microgate photocell system (Witty system User Manual: manual version 1.4), the running time was measured over the distance of 5 m, 10 m, and 30 m with the accuracy of 0.001 s. the start line was coincident with the line of the first photocell gate, whereas other gates were located at the distances of 5, 10, and 30 m. the players performed a standing start 3 times with 3-minute rests. Further analysis was based on the best results obtained for each distance. b) Agility: envelope run (5 × 3 m) [28] . Players ran 3 laps of the specified route. running time was measured by the Microgate photocell system (Witty system User Manual: manual version 1.4) with the accuracy of 0.001 s. the start line with the photocell gate was located at the distance of 2 m from the A point at the extension of the b-A line. the start/finish gate width was 3 m. the players performed a standing start 2 times with 3-minute rests. Further analysis was based on the best results out of the 2 trials. c) Explosive power of lower limbs: standing long jump [28] . Further analysis was based on the best results of 3 trials.
Evaluation of technical skills
technical skills were evaluated with motor skills tests to diagnose the following parameters [29] : a) speed and accuracy of ball handling with directional changes: the test of dribbling the ball between uprights with a change of direction. the player was asked to dribble the ball on a specified route (slalom between poles) using only one leg: the dominant leg (dL) or the non-dominant leg (NdL). the subject performed 2 tests for each leg and further analysis concerned the better result for dL and NdL. the test reliability was r = 0.78 (p < 0.05) for dL and r = 0.76 (p < 0.05) for NdL. b) Accuracy of short shots (passes) performed with the central instep from the air: the test of juggling alternately with the foot and the head. the number of foot-head cycles performed by a player within 30 s with only one leg was determined. the better result out of the 2 tests was collected separately for dL and NdL. the test reliability was r = 0.63 (p < 0.05) for dL and r = 0.76 (p < 0.05) for NdL. c) Accuracy and speed of short shots (passes) performed low to the ground by using the medial part of the foot: the test of shots on bench performed low to the ground with the medial part of the foot. the number of goals (points) scored by the player using the shots performed low to the ground with the medial part of the foot from the distance of 6 m in 90 s was collected. Further analysis concerned the better results from the 2 tests, separately for dL and NdL. the test reliability was r = 0.56 (p < 0.05) for dL and r = 0.51 (p < 0.05) for NdL. d) Accuracy of long shots (passes) using the internal instep from the ground: the test of 20-m internal instep shots on goal from the ground. After an approach run, the player performed 20 shots (10 with dL and 10 with NdL, alternately) from the ground using the internal instep to the goal. the goal (3 × 2 m) was divided into 2 parts with a tape (1 m from the ground); the player scored 3 points if the ball went on target (the upper part) and 1 point when it went to the lower part. scores were not counted if the ball bounced from the ground before reaching the goal. the result was represented by the total points scored from 10 shots, separately for dL and NdL. the test reliability was r = 0.95 (p < 0.05) for dL and r = 0.88 (p < 0.05) for NdL. statistical analysis distribution was analysed in groups and subgroups with the shapiro-Wilk test (for n < 100). the basic meas- the results obtained during one measurement were correlated (r-Pearson) with those of the other measurement after 7-14 days. All tests have a reliability factor (coefficient of absolute stability) higher than 0.50, which is considered sufficient for a group diagnosis, and it should be equal to or higher than 0.75 for an individual diagnosis [29] . the significance level assumed was = 0.05. For data processing, the statistica 12 PL software for Windows, version 13.0, was applied.
Ethical approval the research related to human use has complied with all the relevant national regulations and institutional policies, has followed the tenets of the declaration of Helsinki, and has been approved by the authors' institutional review board or an equivalent committee.
Informed consent
informed consent has been obtained from all individuals included in this study and their parents. Also, the study was conducted with the consent of the academy to which the participants belonged.
Results
the results failed to show significant differences (p > 0.05) in speed, agility, or explosive strength of lower limbs between right-footed and left-footed soccer players in the U13, U15, or U17 age groups (table 2) .
the results obtained by players in technical skill tests showed no significant differences in the level of dL performance between the right-footed and leftfooted athletes (p > 0.05), regardless of age category. in the case of NdL, left-footed players presented higher performance in all evaluated skills, whereas significant differences were found in the U15 category for juggling (p < 0.05) and long passes (p < 0.01) (table 3) .
Furthermore, regardless of age category, left-footed players were characterized by a lower range of asymmetry in all technical skills (dribbling, juggling, short passes, long passes), whereas significant differences were found only for dribbling in the U13 group (p < 0.05) (table 4).
Discussion
the first step of the study was to determine differences in the level of fitness abilities among young soccer players with various types of lateral dominance (right-footed, left-footed). the results failed to show significant differences (p > 0.05) in speed, agility, or explosive strength of lower limbs between right-and left-footed players in the U13, U15, and U17 groups. the findings were consistent with the reports of other authors, who also did not find significant differences in speed [21] or explosive strength of lower limbs [21, 22] between right-footed and left-footed soccer players at various sports skill levels (U8-U18). so far, no research has compared agility between right-footed and leftfooted players; thus, the results seem to be especially valuable. the analysis of the results obtained by athletes in technical tests revealed no significant differentiation in performance using dL between right-footed and left-footed players. this implied that left-footed players were able to perform technical skills as effectively as right-footed ones. differences between players occurred in performance using NdL. the results revealed that in all age categories (U13, U15, U17), left-footed subjects performed better for their NdL in all skills (dribbling, juggling, short passes, long passes). However, statistically significant differences were found in the U15 category for juggling (p < 0.05) and long passes (p < 0.01).
With respect to functional asymmetry of lower limbs in young soccer players, the lowest differences between dL and NdL performance were found in dribbling with left-footed players, characterized by nearly twice lower asymmetry (6-9%; p > 0.05) than their right-footed peers (8-16%; p < 0.001). An even lower range of asymmetry in dribbling was recorded in right-footed (3-5%) and left-footed (2-4%) Polish elite players aged 15-18 years [29] . differences in short passes between dL and NdL ranged 5-13% (p < 0.05) in left-footed soccer players and 19-25% (p < 0.001) in right-footed ones. the asymmetry range for juggling skills was greater: 13-47% (p < 0.05) in left-footed participants and 29-45% (p < 0.001) in right-footed ones. the highest differences between dL and NdL abilities were documented for long passes. in left-footed players, the range of asymmetry was 15-73% (p > 0.05), whereas in the right-footed ones, the value ranged 30-85% (p < 0.001).
in addition, in right-footed subjects, significant differences between dL and NdL (p < 0.001) were observed in all categories (U13, U15, U17) and technical skills (dribbling, juggling, short passes, long passes). in left-footed players, significant differences were reported only in juggling in U13 and U17 (p < 0.05), whereas in the other 3 skills (dribbling, short passes, long passes) they were statistically insignificant (p > 0.05). these findings showed that compared with right-footed players, the participants with left-footed dominance were characterized by lower asymmetry in technical skills, while more symmetrical preparation can be conducive to a higher level of achievement in the sport. it is indicated that in sports where competition between players is direct in nature, the ability to play using both legs improves the offensive potential of the players while increasing their motor versatility, creativity, and unpredictability during the game [2, 16, 30] .
With respect to asymmetry depending on age (U13, U15, U17), both right-footed and left-footed players showed greater tendencies to reduce differences be-tween dL and NdL with increasing sports skill level in most of the analysed technical skills. this is manifested by mean differences in all the tests between U13 (right-footed: 41.56%, left-footed: 32.94%) and U17 participants (right-footed: 21.10%, left-footed: 17.42%). Analogous relationships among Polish players aged 15-18 years were reported by Ljach and Witkowski [29] in a longitudinal study. regardless of the type of lateral dominance (right-footed, left-footed) and sportsskill age, differences between the performance evaluated for the right and left legs were higher than 2% for all skills. According to experts, this means that the athletes have not reached the maximal level of their abilities yet and have substantial reserves (especially those right-footed) in terms of symmetrical technical preparation [29] .
the present study has some limitations. one of them is a relatively low number of left-footed players in individual age categories. Furthermore, the results concern elite male soccer players so they should not be generalized to female athletes or athletes of different levels of sports skills.
Conclusions
the type of lateral dominance (right-footedness, left-footedness) does not differentiate between young soccer players in terms of fitness abilities (speed, agility, explosive strength of lower limbs). Left-footed players are more symmetrical in technical preparation compared with right-footed ones. With age and experience in training, a reduction in functional asymmetry in technical skills is observed between lower limbs in both right-and left-footed soccer players. regardless of age, both right-and left-footed athletes remain to have some potential reserves concerning the symmetrical technical preparation.
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